During skeletal muscle development, myoblasts fuse to form multinucleated myofibers. Myomaker [Transmembrane protein 8c (TMEM8c)] is a muscle-specific protein that is essential for myoblast fusion and sufficient to promote fusion of fibroblasts with muscle cells; however, the structure and biochemical properties of this membrane protein have not been explored. Here, we used CRISPR/Cas9 mutagenesis to disrupt myomaker expression in the C2C12 muscle cell line, which resulted in complete blockade to fusion. To define the functional domains of myomaker required to direct fusion, we established a heterologous cell-cell fusion system, in which fibroblasts expressing mutant versions of myomaker were mixed with WT myoblasts. Our data indicate that the majority of myomaker is embedded in the plasma membrane with seven membrane-spanning regions and a required intracellular C-terminal tail. We show that myomaker function is conserved in other mammalian orthologs; however, related family members (TMEM8a and TMEM8b) do not exhibit fusogenic activity. These findings represent an important step toward deciphering the cellular components and mechanisms that control myoblast fusion and muscle formation.
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myogenesis | muscle development | cell fusion | CRISPR/Cas9 P lasma membrane fusion is a fundamental cellular process required for the conception, development, and physiology of multicellular organisms. Membrane fusion occurs during viral infection of a host cell, between intracellular membranes, and between two plasma membranes to form syncytial tissues (1) . Cell-cell fusion is critical for a wide array of cellular processes, including sperm-egg fertilization, macrophage function, bone and placental development, and skeletal muscle formation. This form of fusion must be precisely controlled to prevent inappropriate cellular mixing.
The fusion of myoblasts requires cell recognition, migration, adhesion, signaling, and finally, membrane coalescence (2) . Much of our knowledge about myoblast fusion has originated from studies performed in Drosophila. In this system, intracellular signaling results in cytoskeletal alterations and actin polymerization, which drive the formation of cellular projections that invade neighboring cells to cause fusion (3) . Recent evidence also indicates a critical function for branched actin polymerization during Drosophila indirect flight muscle fusion (4) . The essential role of the cytoskeleton in fusion is conserved in mammals, in which the actin regulators Rac1, cdc42, and N-WASp are required for muscle development (5) (6) (7) (8) . In addition to actin dynamics, numerous proteins that regulate diverse cellular processes have been associated with myoblast fusion (9) (10) (11) (12) (13) .
We recently discovered a muscle-specific membrane protein named myomaker [annotated as Transmembrane protein 8c (TMEM8c)] that is absolutely required for skeletal myocyte fusion in the mouse (14, 15) . To begin to decipher the mechanisms whereby myomaker controls cell-cell fusion, we designed a heterologous cell-cell fusion assay to monitor the ability of a series of myomaker mutants to direct the fusion of labeled fibroblasts with myoblasts in vitro. Here, we present a model of myomaker topology within the membrane, in which seven amphipathic α-helical transmembrane (TM) domains and an essential C-terminal cytoplasmic domain drive the fusion process. These findings begin to enlighten the mechanistic basis of myoblast fusion.
Results
Myomaker Is Necessary for Fusion of C2C12 Cells. Primary embryonic myoblasts obtained from myomaker null mice can differentiate to generate myocytes but cannot fuse (14) . To determine whether the immortalized C2C12 muscle cell line also required myomaker for fusion, we inactivated the gene in C2C12 cells through clustered regularly-interspaced short palindromic repeats (CRISPR)/Cas9-mediated mutagenesis (16) . As a template for mutagenesis, we designed a guide RNA that recognizes exon 2 of myomaker and recruits Cas9 to induce a double-strand break (Fig. 1A) . C2C12 cells were cotransfected with a vector encoding the guide RNA/Cas9 and a separate GFP plasmid, which was used to label the transfected cells. Forty-eight hours after transfection, single cells that expressed the highest levels of GFP were sorted by flow cytometry into 96-well plates. These cells were propagated and genotyped by assaying for the presence of an NspI restriction enzyme site that was disrupted after CRISPR/Cas9-mediated cleavage (Fig. 1A) . Genomic DNA from a WT clone had an NspI restriction enzyme site and after NspI digestion, exhibited the expected 317-and 118-bp fragments, whereas the amplicon from genomic DNA of a homozygous targeted clone was not cut by NspI because of the lack of the restriction enzyme site (Fig. 1B) . Of 46 genotyped clones, 2 were WT, 14 were heterozygous (HET), and 30 were homozygous KO, showing the robust activity of this genome editing system in C2C12 cells. We selected one WT (2C1), one HET (1D12), and three KO (1A3, 1B1, and 1B5) clones for additional analysis.
A DNA template for homology-directed insertion was not introduced during the transfection; thus, the genomic region was Significance Fusion of myoblasts is required for proper skeletal muscle formation during embryonic development and adult muscle regeneration. Despite the central role for plasma membrane fusion, the molecules and mechanisms that govern this process have remained elusive. Myomaker is the only identified muscle-specific protein required for myoblast fusion; however, the mechanisms by which this multipass membrane protein governs fusion are not understood. Through structure-function analysis and development of cell-based fusion assays, we begin to delineate the domains of the myomaker protein required for fusion.
repaired through nonhomologous end-joining, which causes insertion/deletion mutations. To determine the deletions and/or insertions in each KO clone, the exon 2 PCR products were cloned into TOPO vector, and then, multiple TOPO clones were sequenced to identify mutations on both alleles. Clone 1A3 contained 18-and 8-bp deletions, and clone 1B1 exhibited 29-and 35-bp deletions (Fig. S1 ). We only detected an 18-bp deletion in 10 TOPO clones from clone 1B5, suggesting that both alleles were repaired in the same manner (Fig. S1) .
Consistent with the requisite role of myomaker in myoblast fusion in vivo, we observed a dramatic lack of fusion in the C2C12 clonal lines lacking myomaker when maintained in differentiation medium (Fig. 1C) . Myomaker KO cells differentiated, as shown by myosin staining, but remained mononucleated, whereas myotubes were clearly present in cultures from the WT and HET clones (Fig. 1C) . These findings suggest that the in-frame deletions in the myomaker KO clones create a nonfunctional protein or prevent protein expression. The mutation introduced in clone 1B5 is predicted to cause an in-frame deletion of amino acids 77-82 ( Fig. 2A) .
To confirm that the block to fusion was a specific consequence of the loss of myomaker rather than a nonspecific effect of CRISPR/Cas9 mutagenesis, we infected KO clone 1A3 with a retrovirus encoding myomaker or an empty plasmid as a control and then, allowed the cells to differentiate. Reexpression of myomaker rescued the fusion block of myomaker KO C2C12 cells (Fig. 1D ). These data indicate that myomaker is absolutely essential for fusion in this cell system. Fusogenic Activity of Myomaker Orthologs. Myomaker is a hydrophobic protein containing 221 aa that localizes to intracellular vesicles and the plasma membrane of skeletal myocytes (14) . Analysis of hydrophobic stretches of at least 20 aa, corresponding o potential TM regions, revealed seven potential TM domains ( Fig. 2A) . Myomaker is also highly conserved, exhibiting ∼60% direct sequence identity within vertebrate species. The human and mouse proteins share 196 identical amino acids, and the zebrafish ortholog has 163 identical residues ( Fig. 2A) . Morpholino knockdown of myomaker in zebrafish revealed that myomaker is essential for fast myocyte fusion (17) .
We generated retroviruses expressing the human and zebrafish myomaker proteins and tested them for their ability to drive fusion of fibroblasts in a heterologous cell-cell fusion system. In this assay, fibroblasts were infected with myomaker and GFP overnight, washed extensively, mixed with C2C12 cells, and transferred to differentiation medium for 4 d (Fig. 2B ). We tracked fibroblasts by GFP visualization and C2C12 cells by immunostaining for myosin heavy chain (red in Fig. 2B ), a marker of a differentiated muscle cell. A myosin-positive, GFP-positive multinucleated cell indicates fusion between a fibroblast and C2C12 cell, forming a chimeric myotube that appeared yellow/ orange in Fig. 2B . We used empty GFP-infected fibroblasts as control, and chimeric myotubes were rarely visualized when mixed with C2C12 cells. As shown in Fig. 2C , the human and zebrafish myomaker orthologs readily promoted the fusion of GFP-positive fibroblasts with C2C12 myoblasts that stained positively for myosin expression (red in Fig. 2C) , showing that the myomaker activity to promote heterologous fusion is conserved in vertebrate species (Fig. 2C) . Also shown is a magnified image with Hoechst staining to highlight the nuclei within the chimeric myotube.
Requirement of Myomaker on Both Cells for Maximal Fusion. Whether the fusion machinery is similar or different on the two fusing cells is an important concept with respect to membrane fusion mechanisms. As a means of identifying nuclei that were actively expressing myomaker, we used single-molecule RNA FISH with a probe specific for the intronic myomaker sequence. Primary WT myoblast nuclei on day 0 of differentiation were not positive for myomaker transcription (Fig. 3A) , consistent with our previous work showing that myomaker is induced upon differentiation (14) . On day 1 of differentiation, myomaker transcription was detected in the majority of myocytes (visualized by red punctae in the nuclei in Fig. 3A ). Both myocyte and myotube nuclei transcribe myomaker on day 2 of differentiation, suggesting that myomaker could contribute to fusion in each cell type (Fig. 3A) .
To determine the importance of myomaker on both fusing membranes, we performed cell-mixing experiments with myomaker-modified myoblasts and fibroblasts. Although we showed previously that WT myocytes can fuse to myomaker KO myocytes, the ratio of WT and KO nuclei in the resulting myotubes was not investigated (14) . In the cell-mixing experiments presented here, we infected one population of cells with GFP, mixed them with an unlabeled population of cells, and then, performed GFP FISH to track individual nuclei. This approach labels GFP mRNA in the cytoplasm and also, the nuclei that are actively transcribing GFP. Thus, the nuclei positive for GFP mRNA are from the GFP-infected population, whereas the nuclei negative for GFP mRNA correspond to the non-GFP population. This experimental strategy allows relative quantitation of fusion efficiency of myomaker KO myoblasts with either WT myoblasts or myomaker-expressing fibroblasts.
We infected primary WT myoblasts with a retrovirus encoding GFP and sorted GFP-positive cells to generate a homogenous population of myoblasts. We then mixed WT-GFP myoblasts with either unlabeled WT primary myoblasts or unlabeled myomaker KO primary myoblasts and differentiated the cultures for 3 d. GFP FISH revealed an expected 50:50 ratio of WT-GFP nuclei (GFP-positive):unlabeled WT nuclei (GFP-negative) in myotubes ( Fig. 3 B and C) . In contrast, WT-GFP nuclei comprised a significantly higher fraction of myotube nuclei compared with myomaker KO (GFP-negative) nuclei (Fig. 3 B and C) . Thus, although myomaker KO muscle cells can fuse with WT muscle cells, they are considerably less effective in doing so than WT muscle cells.
Our previous work showed that myomaker-expressing fibroblasts cannot fuse to each other but can fuse to muscle cells, Myomaker locus with exons depicted. Exon 1s is an annotated alternative isoform; however, it is not highly conserved, and we did not investigate it in this study. Exon 2 of myomaker was mutagenized in C2C12 cells after transfection with a vector containing the indicated guide sequence and Cas9. NspI was used to assay for genome disruption at this site. (B) C2C12 clones were genotyped by PCR-amplifying a 435-bp region surrounding the protospacer adjacent motif (PAM) site followed by digestion with NspI. Genomic DNA from myomaker KO clones exhibits an uncut 435-bp fragment because of CRISPR/Cas9-mediated disruption of the NspI site. WT genomic DNA shows 317-and 118-bp bands after NspI digestion. suggesting that additional factors expressed by myoblasts but not fibroblasts are required for fusion (14) . To further evaluate the requirement of myomaker on both fusing cells, we tested the fusion efficiency between myomaker KO myoblasts and myomaker-expressing fibroblasts. We mixed myomaker-GFP 10T1/2 fibroblasts with either unlabeled WT primary myoblasts or unlabeled myomaker KO primary myoblasts and differentiated the cultures for 3 d. Myomaker-GFP fibroblasts readily fused to WT myoblasts, but only a low level of fusion was observed between myomaker-GFP fibroblasts and myomaker KO myoblasts (Fig.  3D) . Quantification of overall fusion index in each culture revealed a significant reduction in the percentage of nuclei in syncytial cells when myomaker-GFP fibroblasts and myomaker KO myoblasts were mixed before differentiation (Fig. 3E) . Taken together, these data indicate that fusion is most efficient when myomaker is present on both fusing cells, highlighting the requirement of additional myoblast-derived factors for myomaker-mediated fusion.
Analysis of Fusogenic Activity of Myomaker-FLAG Proteins. To begin to define the functional domains and topology of myomaker within the membrane, we introduced FLAG tags at specified locations throughout the protein and assayed their expression by anti-FLAG immunoblotting. We generated a construct that contained a synthetic cleavable signal sequence upstream of FLAG followed by a full-length myomaker protein referred to as signal sequence FLAG amino acid 1 of myomaker (SF1) (Fig. 2A) . We also engineered FLAG epitopes in multiple hydrophilic loops of myomaker, where these constructs do not contain the synthetic signal sequence. These six versions of myomaker contained FLAG insertions before the indicated amino acids: F62, F91, F112, F140, F174, and F203 ( Fig. 2A) .
We infected fibroblasts with retroviruses encoding each version of myomaker and performed Western blot analysis with a FLAG antibody to detect expression. Each myomaker-FLAG protein was produced, although different mutants showed varying levels of expression (Fig. 4A) , likely reflecting differing stabilities. We next determined the fusogenic activity of each FLAG construct using the heterologous cell-cell fusion system. All of the myomaker-FLAG constructs induced the fusion of fibroblasts to C2C12 cells (Fig. 4B) . To quantify heterologous fusion, we used CellProfiler, an image analysis software, to assess the percentage of myosin and GFP colocalization (18) . This analysis revealed clear fusogenic activity for each FLAG construct, albeit to various levels (Fig. 4C) . Interestingly, the level of expression did not necessarily correlate with function. For instance, F140 was expressed at much higher levels than F62 but displayed similar fusogenic activity.
We also tested the ability of each myomaker-FLAG construct to rescue the fusion defect in myomaker KO C2C12 cells generated through Cas9 mutagenesis (Fig. 1) . As expected, myomaker KO myoblasts infected with empty retrovirus expressed myosin but remained mononucleated, whereas expression of WT myomaker dramatically rescued the fusion defect (Fig. S2A) . Notably, the various myomaker-FLAG constructs displayed less fusogenic activity than WT untagged myomaker (Fig. S2A) . It is formally possible that the synthetic N-terminal signal peptide and FLAG epitope in the various myomaker constructs perturb normal orientation of the protein in the bilayer, including misorientation of the N terminus to the exterior of the cell. However, these constructs retain fusogenic activity.
Fusion quantification revealed that only SF1 and F203 possessed the ability to rescue fusion in myomaker KO cells but that neither rescued to the level of WT myomaker (Fig. S2B) . The disparity between fusogenic functions of the myomaker-FLAG constructs in the heterologous fusion system compared with the myomaker KO myoblast system could indicate that optimal fusion requires myomaker on both membranes (Fig. 3) . In the heterologous fusion system, endogenous myomaker on myoblasts may compensate for a less functional myomaker-FLAG construct expressed on fibroblasts. However, in the myomaker KO myoblast system, where endogenous myomaker is absent, the activities of less functional myomaker-FLAG proteins are more easily revealed.
Experimental Assessment of Myomaker Topology.
To analyze the topology of myomaker within the membrane, we tested the accessibility of FLAG epitopes by performing anti-FLAG immunocytochemistry on live C2C12 cells infected with retroviruses expressing FLAG-tagged myomaker constructs. These cells were not fixed or permeabilized before antibody incubation on ice. SF1, F62, F112, and F174 exhibited surface staining; however, no staining was detected for F91, F140, and F203 myomaker constructs (Fig. 5A ). When cells were fixed and permeabilized before antibody incubation, each construct showed similar intracellular punctate staining (Fig. 5A) . Positive staining of live cells expressing SF1, F62, F112, and F174 indicates that the FLAG epitopes within these myomaker mutants are exposed to the extracellular space.
A model of myomaker topology, in which the regions positive for live staining are exposed to the exterior of the cell, is shown in Fig. 5B . Collectively, these studies support the conclusion that the N terminus of myomaker faces the exterior of the cell and that the C terminus is intracellular. Given that TM domains typically contain 18-20 hydrophobic residues (19), our results predict that myomaker spans the membrane seven times, which is in agreement with many membrane topology prediction software programs. This model does not illuminate the relative lateral membrane distances between the TM regions, which could vary the composition of the hydrophilic loops. It should also be noted that the topology model is based on the orientation within the membrane of epitope-tagged versions of the protein, which could differ in structure from the WT protein.
Other TMEM8 Proteins Lack Fusogenic Activity. Homology searches using myomaker protein sequence resulted in identification of TMEM8a and TMEM8b, which are both orphan membrane proteins with unknown functions. TMEM8a/TMEM8b possesses much longer N-terminal regions than myomaker, and overall, these proteins are 25% identical using myomaker as a reference (Fig. S3) . The majority of homology between myomaker and TMEM8a/TMEM8b occurs in the TM regions (43 of 58 amino acids), with a smaller fraction of similarity in the hydrophilic loops (15 of 58 amino acids) (Fig. S3B) .
Whereas myomaker is dramatically induced at days 2 and 3 of C2C12 differentiation, TMEM8a and TMEM8b are not regulated in the same manner (Fig. S4A) . We generated retroviruses expressing TMEM8a and TMEM8b to test their function in the heterologous cell fusion system. Moreover, we engineered a FLAG-tagged version of TMEM8b (TMEM8b SF1) similar to myomaker SF1, in which a signal sequence was placed upstream of FLAG on the N terminus of the protein. Infection of fibroblasts with each virus followed by quantitative PCR analysis revealed that each was appropriately expressed (Fig. S4B) . TMEM8b SF1 protein was also detected by FLAG Western blot analysis, and the levels were similar to those of expression of myomaker SF1 (Fig. S4C) . Despite expression of TMEM8a, TMEM8b, or TMEM8b SF1 in fibroblasts, they did not promote fusion of fibroblasts with C2C12 myoblasts (Fig. S4D) .
Requirement of Myomaker C-Terminal Region for Function. The largest domain of myomaker that is exposed to the extracellular or intracellular space is the C-terminal region. To investigate the role of this region in myomaker function, we deleted the C-terminal (A) Protein extracts from fibroblasts expressing each FLAG-tagged version of myomaker (depicted in Fig. 2A ) were analyzed by immunoblotting using an FLAG antibody. Empty-infected fibroblasts were used as a control. Each myomaker-FLAG construct was expressed at varying levels. GAPDH was a loading control. (B) Fibroblasts coinfected with myomaker-FLAG constructs and GFP can fuse with C2C12 cells. Arrows indicate GFP + myosin + structures.
(C) Quantitation of heterologous fusion through analyzing the colocalization of GFP (fibroblasts) and myosin (myocytes) using CellProfiler. Each tagged version of myomaker exhibits different levels of expression and function. Representative images are shown from experiments that were performed at least three times. (Scale bar: 50 μm.) *P < 0.05 compared with empty.
domain in the context of two separate myomaker-FLAG constructs. We chose two different FLAG versions because of potential disparities in expression after epitope insertion. Specifically, we generated viruses encoding a truncated myomaker F62 mutant lacking the last 11 amino acids (F62Δ211-221) and an SF1 protein deficient in the final 8 amino acids (SF1Δ214-221). Western blot analysis for FLAG showed that each C-terminal deletion mutant protein was expressed at a higher level than the control FLAG constructs (Fig. 6A) . Moreover, live staining of transduced C2C12 cells revealed the presence of both of these deletion mutants on the membrane, suggesting the C-terminal region does not impact membrane localization (Fig. 6B) . We next tested if the C-terminal region was necessary for myomaker fusogenic function. Infection of fibroblasts with SF1 and F62 caused fusion with myoblasts; however, SF1Δ214-221 and F62Δ211-221 lacked similar fusogenic activity (Fig. 6C) . The final 8 amino acids of myomaker harbor cysteine residues that resemble a consensus for lipid modification as well as a PDZ-binding motif (TCV). To determine if either of these domains explains the lack of function in the C-terminal mutant, we mutated these regions to alanine. Specifically, we generated SF1 constructs with either a TCV 219-221 AAA mutation or cysteines 217, 218, and 220 mutated to A and tested their ability to confer fusogenic ability to fibroblasts. Mutation of the TCV region did not alter fusion activity; however, the cysteine mutations significantly blunted fusion (Fig. 6 D and E) . Our results indicate the intracellular C-terminal region of myomaker is necessary for fusion.
Discussion
The results of this study indicate that the majority of the myomaker protein is embedded in the bilayer, with the N terminus facing the extracellular space and an intracellular C terminus. We also show that human and zebrafish orthologs function similarly to mouse myomaker in a heterologous cell fusion system. In contrast, TMEM8a and TMEM8b do not function like TMEM8c/myomaker. Studies performed in Drosophila indicate that myoblast fusion is an asymmetric process, in which one cell uses actin to invade a neighboring cell, which increases tension to promote fusion (20) . We show that myomaker KO myocytes can fuse to WT myocytes, but fusion is less efficient than with pairs of WT myocytes, highlighting the importance of myomaker on both fusing cells. Finally, we show that the intracellular C-terminal region of myomaker is necessary for fusogenic activity, suggesting the importance of signaling or other modes of proteinprotein interactions in the control of fusion. Table S1 summarizes the expression, function, and surface staining of the various mutant myomaker constructs on which our model of myomaker topology and function is based. The hydrophilic loops that are predicted to connect the TM regions of myomaker are quite small, ranging from 3 to 14 aa. The relatively small number of amino acids that protrude from either the intracellular or extracellular space could provide a clue to the biochemical function of myomaker. For instance, it is unlikely that myomaker functions in the adhesion step of fusion, because it is not predicted to be glycosylated and contains only short extracellular segments (21) . Muscle cell fusion has been shown to involve calcium and the formation of a hemifusion intermediate, in which the outer leaflets of the membranes fuse followed by fusion pore formation and cytoplasmic mixing (22) (23) (24) . Additionally, fusion-competent myocytes display phosphatidylserine in the outer leaflet of the membrane (25) . It is conceivable that myomaker functions during one or more of these steps.
Our finding that the C-terminal region of myomaker is oriented toward the interior of the cell and necessary for function suggests that signaling or other protein-protein interactions are important for fusion. Indeed, the C terminus (TCV) conforms to the consensus of a PDZ-binding motif (S/T-X-V/L/I) (26); however, our mutation of the TCV in myomaker does not perturb function. This C-terminal domain also contains three cysteines, which may serve as sites for lipidation, and mutation of the three cysteines was sufficient to diminish activity.
The fusion of muscle cells during the development and regeneration of skeletal muscle is a complex process that is only beginning to be understood. In this work, we have performed initial structure-function analysis of myomaker, a necessary regulator of myoblast fusion, to obtain more information regarding the precise role for this protein in the fusogenic event of myoblasts. Although these analyses revealed an initial structural model of myomaker, eventual determination of the precise structure will be required to define its 3D orientation within the membrane. Elucidation of the biochemical function of myomaker will also be an area of future interest.
Materials and Methods
Cell Culture. Methods for myoblast isolation and cell culture are further described in SI Materials and Methods.
CRISPR-Mediated Genome Editing in C2C12 Cells. A guide oligonucleotide corresponding to exon 2 of myomaker was ordered from Integrated DNA Technologies and cloned into the Cas9-containing pX330 vector, which was a gift from Feng Zhang, Massachusetts Institute of Technology, Cambridge, MA (plasmid 42230; Addgene) (27) . Methods for myomaker targeting using Cas9 are further described in SI Materials and Methods.
Retroviral Generation and Cell
Mixing. An EcoRI restriction site was used to clone each construct into the retroviral vector pBabe-X, and Platinum E cells were used to generate virus, which is further described in SI Materials and Methods.
RNA FISH. Primary myoblasts were seeded on fibronectin-coated eightwell Ibidi microslides at a density of 2 × 10 4 per well. Twenty-four hours after seeding, cultures were placed in differentiation media and assayed for myomaker transcription using probes specific for myomaker introns. Methods for myomaker RNA in situ are further described in SI Materials and Methods.
Quantitation of Heterologous Fusion Using CellProfiler. Image analysis and quantification were performed on immunofluorescence images using the open-source software CellProfiler (www.cellprofiler.org) (18) . Analysis pipelines were designed as follows. The GFP-colored region (corresponding to fibroblasts) and the myosin-stained region (myoblasts) were identified from each image and quantified on the basis of the total pixel area occupied by the GFP fluorescence or the myosin stain as determined by automatic image thresholding. The colocalized region of GFP fluorescence and myosin stain was identified and quantified in each image automatically by the MaskObjects module. The pixel area of the colocalized region was normalized by the total myosin area and defined as the heterologous fusion efficiency (percentage of colocalization).
Immunocytochemistry. Methods for immunocytochemistry are described in SI Materials and Methods.
